A b s t r a c t Introduction: Eosinophilic colitis, which is a rare form of eosinophilic gastrointestinal diseases, occurs as primary and secondary allergic eosinophilic colitis of the gastrointestinal tract infection, inflammatory bowel disease, celiac disease, and vasculitis. The diagnosis is based on a significant amount of eosinophils in the inflammatory infiltrate of the colon wall. Aim: To analyze the clinical picture taking into account comorbidities and endoscopic picture in children with eosinophilic colitis. Material and methods: The test group consisted of 43 children, the average age -12.1 years diagnosed with eosinophilic colitis (according to the Whitington scale) hospitalized in the Gastroenterology Unit, Department of Pediatrics of the Medical University of Silesia in Katowice. Testing for food allergies, celiac disease, inflammatory bowel disease, gastrointestinal diseases and parasitic diseases was performed in the group of children and the analysis concerned the intensity of eosinophilic infiltration of the colon mucosa with the severity of clinical symptoms, endoscopic picture, the presence of inflammatory bowel disease, and food allergy.
Introduction
Under physiological conditions, eosinophils are commonly found in the alimentary tract, but their complex role is only being recognized [1] . Eosinophilic colitis is a rare form of eosinophilic gastrointestinal diseases (EGIDs). The first description of eosinophilic gastrointestinal diseases was made by Kaijser in 1937 [2] .
In 1970, Klein et al. classified eosinophilic gastrointestinal diseases into three types: mucosal, muscular, and serosal [3] . The mucosal type is the most common, and the endoscopic image in this form of the disease is not specified: from the proper one to inflammatory changes in the form of vascularity loss, edematous mucosa, its hyperemia and softening, erosions, ulceration. In the muscular type, infiltration of the muscle membrane is associated with constriction and obstruction of the gastrointestinal tract. The least common form of eosinophilic gastrointestinal diseases is the serosal one, which is characterized by ascites, and eosinophilic infiltration in serosal and ascitic fluid. The EGID diagnosis depends on the clinical symptoms and the degree and location of eosinophilic infiltration [4] . The Whitington scale is used to assess the degree of eosinophilic infiltration of the intestinal wall [5] .
Diarrhea and abdominal pain are the main clinical symptoms of eosinophilic gastrointestinal diseases [6, 7] . Atopy is a genetic predisposition to IgE-mediated reaction. Several studies support a connection between atopy and EGIDs. Atopy is common in this patient group -it concerns 75-80% of EGIDs patients [8, 9] . However it is possible that the severity of EGIDs can be dependent on following allergen-free diet [9] .
The diagnosis of eosinophilic colitis among infants is the most common, and here eosinophilic colitis occurs in the form of allergic inflammation of the colon in response to cow's milk protein or can be associated with other atopic conditions (primary form), and also among adolescents and young adults (secondary form) in the course of other diseases of the gastrointestinal tract [4, 10, 11] . Eosinophils are also a part of the inflammatory infiltrate in inflammatory bowel disease, although, they are a small part of leukocytes, both their presence and the amount is a bad prognostic rating in this disease [12] .
The concentration of protein from eosinophil granules (eosinophilic cationic protein -ECP) in the gut fluid of patients with inflammatory bowel disease (IBD) is increased comparing to the healthy control group [13] .
Aim
The aim of this study is a retrospective analysis of the clinical picture taking into account comorbidities and endoscopic picture in children with eosinophilic colitis.
Material and methods
The retrospective study involved 43 children diagnosed with eosinophilic colitis, hospitalized from 2004 to 2013 in the Gastroenterology Unit, Department of Pediatrics of the Medical University of Silesia in Katowice.
The diagnosis was based on histopathological examination of the samples taken from the mucosa of the colon with eosinophilic infiltration > 20 eos/HPF (the Whitington scale).
The test group consisted of 20 girls and 23 boys aged from 7 months to 18 years (average age was 12.1 years).
The test group was divided: 1) based on age: group I -17 children aged 7 months -12 years (average age: 6.9 years), group II -26 children aged 13-18 years (average age: 15.5 years); 2) based on clinical diagnosis: group I -isolated eosinophilic colitis (IEC) -23 (53.5%) patients, group II -eosinophilic colitis in the course of Crohn's disease (EC + CD) -11 (25.6%) patients, group III -eosinophilic colitis in the course of ulcerative colitis (EC + UC) -7 (16.3%) patients, group IV -eosinophilic colitis accompanied by lymphocytic colitis (EC + LC) -2 (4.6%) patients.
Abdominal pain, diarrhea (watery or bloody) and weight loss were the most common clinical symptoms in the group of children. The assessment of the body weight was based on the percentile rank of body mass index (BMI), where the body underweight was diagnosed with BMI of < 3 pcn; the normal body weight: BMI 3-97 pcn; the increased body weight: BMI > 97 pcn [14] . Colonoscopy and gastroduodenoscopy with samples taken from mucosa were performed for all the children. Macroscopic evaluation of changes was done in the mucosa of the colon, basing on the Schroeder scale [15] .
Histological biopsies taken were evaluated using: the Marsh scale to evaluate changes in the duodenum [16] , the Whitington scale to evaluate the degree of eosinophil infiltration of the colon mucosa [17] .
The degree of the disease activity in the case of IBD was evaluated using the Pediatric Ulcerative Colitis Activity Index for patients with UC and the Pediatric Crohn's Disease Activity Index for patients with CD [18] .
Laboratory testing research in serum was performed for all patients: -tests for food allergy: total IgE and food-specific IgE on selected food products (milk protein, white and yolk of eggs, wheat flour) -using the chemiluminescence method, -tests for celiac disease: IgA tTG -using the ELISA method, IgG EmA -using IF method, when IgA deficiency was found -total IgA -using immunoturbidimetric method, -IgA and IgG ASCA, p-ANCA -using the ELISA method, -IgG Ascaris lumbricoides -using the ELISA method.
Markings were made in the laboratory in the Upper Silesian Child Health Centre in Katowice.
Statistical analysis
Statistical analysis of the results was made using: test for Spearman's rank correlation coefficient, which verifies the importance of the relationship between a pair of ordinal variables, Mann-Whitney rank-sum test verifying the hypothesis of the differences between the results obtained in two independent groups.
Relations for which the p-value was < 0.05 were considered statistically significant.
Results

Patients' demographic data
Most of the study group consisted of children aged > 12 years of age -58.14%. Isolated eosinophilic colitis was observed in boys twice more often, boys also dominated in CD (54.5%), while UC was dominant among girls (71.4%).
Clinical symptoms in the children tested group Diarrhea was the most common clinical symptom in the analyzed group of patients. It occurred in almost all patients with isolated eosinophilic colitis (36.4% -bloody diarrhea, 45.5% -watery diarrhea).
Bloody diarrhea was observed in the majority of children with UC (71.4%) and in half of the children with CD (45.5%).
Abdominal pain was the second common clinical symptom. It appeared in half of the whole study group (53.5%), regardless of the clinical group. Weight loss was reported as the third symptom among patients, but underweight was found only in 9 (20.93%) patients.
The great majority of children with isolated eosinophilic colitis were in the normal body weight range -82.61%, only 13.04% of them were underweight.
CD was most often accompanied by body underweight (45.5%) ( Table 1) .
Degree of eosinophilic infiltration by the Whitington scale
Degree II of eosinophilic infiltration was observed in 9 (20.93%) children, and in the majority it appeared in children with isolated eosinophilic colitis. Degree III was dominant in the study group and it occurred in 29 (60.46%) children, especially with CD (90.9% of them) and lymphocytic colitis (100%). Degree IV occurred in 5 (11.62%) children, in individual cases in each clinical group (Table 2, Figure 1 ).
Assessment of macroscopic changes in the large intestine by the Schroeder scale in the group of children
The correct image of colon mucosa in macroscopic assessment was presented by 16 (37.2%) tested patients. Mild changes in endoscopy were found in 18 (41.86%) patients. Moderate macroscopic mucosal changes were described in only 9 (20.93%) patients. 91.31% of patients with isolated eosinophilic colitis presented normal or minimally changed colon mucosa. Four (36.36%) children with CD had significant inflammatory changes in endoscopy (moderate form).
The same number of tested children with CD presented only minimal changes, whereas in 3 (27.27%) patients, the image was correct (the location in the small intestine). Almost half of the children (42.85%) with UC presented moderate intensity changes and the same number -mild changes.
No severe changes among patients were ascertained (3 points in the Schroeder scale).
Statistical analysis of clinical symptoms and endoscopic changes in the group of children, due to the eosinophilic infiltration (Table 3) The severity of the clinical symptoms (abdominal pain and bloody diarrhea) and the presence of body un- Figure 1 . Isolated eosinophilic colitis -III degree (Whitington scale) derweight correlate with eosinophilic infiltration of the colonic mucosa among patients in the study group.
There was a statistically significant correlation between the severity of macroscopic changes in the mucosa of the colon (assessed by the Schroeder scale) and the degree of eosinophilic infiltration (Whitington scale).
Analysis of immunological tests
The higher levels of total IgE occurred in 17 (39.53%) patients, including less than half of the patients with isolated eosinophilic colitis (43.47%), and another half with CD (54.5%), and only 14.2% of patients with UC.
The positive reaction of IgE dependent on specific food allergen (food-specific IgE) was found in 5 patients (3 patients with IEC). Particular children had a higher level of food-specific IgE of two or more allergens, usually cow's milk and egg white protein. In children with lymphocytic colitis a total IgE level was normal (Table 3) .
Antibodies of ASCA (IgA or/and IgG) occurred in the higher titer in 10 (23.25%) patients, especially in children with CD. The higher concentration of antibodies in the isolated eosinophilic colitis was found in 4 (17.39%) cases. In case of antibodies of ANCA, higher levels were found in only 2 children with CD and in 1 child with isolated eosinophilic colitis (Table 4) .
In all cases, the higher levels of antibodies (ASCA/ ANCA) occurred in the patients with degree III and IV of eosinophils infiltration on the Whitington scale.
The serum level of IgA tTG was normal in all of the children.
Distribution of eosinophilic infiltration along the colon
The most pathological eosinophilic infiltration occurred along the entire colon -55.2%. Growing eosinophilic infiltration along the colon (from the right to left colon side) was described only in 5 (17.2%) children. However, segmental density was found in 30% of the patient tested group, in an isolated eosinophilic colitis in 34.7%, in UC in 42.85%.
Disease development according to the PCDAI and PUCAI scale
In the tested group, 18 (41.8%) patients with IBD were described. Among them, the majority of children (12; 66.6%) had a moderate form of the disease, the severe form was found in one patient with UC.
Eosinophilic colitis in the course of inflammatory bowel disease
The higher degree of eosinophilic infiltration by the Whitington scale in the children with IBD (CD, UC) was shown in comparison to the children with isolated eosinophilic colitis, this correlation was statistically significant (p-value < 0.05) ( Table 5 ).
Discussion
Eosinophilic gastrointestinal disease is more often recognized in the Western World, however, it is still a very rare disease when relating to colon [4] . Male dominance is what draws attention in the literature [18, 19] . Similarly, in our research, boys were the vast majority of patients. If eosinophilic colitis occurs in the first year of life, prognosis is very good [7] .
At after-infant age, incidence of eosinophilic colitis affects most commonly adolescents and young adults [7] . Age of the patients did not correlate with the degree of colon eosinophilic infiltration. In the research of DeBrosse et al., the average age of patients with eosinophilic colitis was 10.78 and also did not correlate with the degree of eosinophilic infiltration in the colon and in any part of the gastrointestinal tract [20] .
However, the average age of the patients treated by Behjati et al. was much lower and was 6.5 years old [21] . In the study group, more than a half of children were in [7] .
DeBrosse et al., drew attention to abdominal pain as the most common symptom in patients [20] .
Similarly, in the analysis of children with colonic eosinophilia carried out by Pensabene, 75% of patients complained of abdominal pain, almost 60% of diarrhea, while half of them had bloody stools [8] . An 8-year-old girl described by Iwańczak experienced abdominal pain and loose stools with blood [22] .
In our research, diarrhea was observed in nearly all patients of the study group, more than half of them had bloody diarrhea, and half of the patients suffered from abdominal pain. Weight loss in treated children with eosinophilic colitis was not significant in our analysis.
Children with normal weight were the vast majority, children with CD were mainly underweight. A statistically significant correlation between the degree of colon mucosa eosinophilic infiltration and the severity of clinical symptoms was found.
Similarly, Liacouras et al. claim that the degree of eosinophilic infiltration in eosinophilic gastrointestinal disease correlates with clinical symptoms and severity of the disease. Clinical symptoms are reported to be a direct consequence of tissue eosinophilic infiltration [23] . In the study of Czaja-Bulsa et al., in examined children there was a pathological infiltration in the cecum and the ascending colon with different intensity in other sections, in one patient, the arrangement was described along the entire intestine [19] .
Examining 38 children, Behjati et al. observed a decrease in the eosinophilic infiltration degree from the cecum to the rectum [21] . In the research of Debrosse et al., intestine had the highest concentration of eosinophilic infiltration in the ascending colon, a lower concentration was observed in the transverse and the terminal ileum, and the smallest in the rectum [20] . Most often pathological eosinophilic infiltration of mucosa was found along the entire colon in the study group, segmental growing density was observed in 1/3 of patients. However, in the clinical study by Behjati et al., in 38 ill children, there was no correlation between density of infiltration and disease symptoms, allergy and macroscopic picture of the colon [21] . According to Lee et al., a correct macroscopic picture of eosinophilic gastrointestinal disease is not rare, so microscopic assessment of biopsies is essential [24] . Segmental nature of the inflammatory changes requires the analysis of numerous biopsies from each change, also macroscopically normal intestine [18] .
In the group of examined children, in the macroscopic colonic mucosa picture assessed by the Schroeder scale, a normal picture or benign lesions appeared, whereas moderate changes occurred only in children with inflammatory bowel disease.
There was a statistically significant correlation between the degree of eosinophilic infiltration and severity of changes in endoscopy, which is probably a result of a significant proportion of children with inflammatory bowel disease.
Etiology of eosinophilic colitis is unknown, the disease may be of idiopathic characteristics or it may coexist with food allergy, infection or inflammatory bowel diseases.
It was shown that 50-75% of eosinophilic colitis coexists with allergic diseases, especially food allergy to cow's milk protein, soy, peanuts, and the elimination diet is not usually sufficient for treatment [25] . The existence of eosinophils in the large intestine mucosa is quite common in children [8] . The significant eosinophilia in colon which is associated with the higher level of total IgE indicates that eosinophilic colitis is an allergic phenomenon [25] .
Atopy was recognized in 5 of 6 patients treated by Czaja-Bulsa et al., but 2 of them suffered from allergic disease. In our research, the higher levels of total IgE was found in half of all patients with isolated eosinophilic colitis and with CD in most cases. However, only 20% had higher levels of food-specific IgE caused mainly by cow's milk protein, eggs, wheat, and chicken. There was no statistically significant correlation between the intensity of colon eosinophilic infiltration and the higher concentration of total IgE in serum.
The concentration of IgE associated with the present allergen stimulation does not reflect the tissue concentration at the location of ongoing allergic inflammation [25] . Therefore, the question how the higher serum of IgE in children with eosinophilic colitis is associated with local inflammation in the gastrointestinal tract is still valid and remains without a clear answer. The cause of eosinophilic colitis may also be IgE-independent allergy, while according to Yan and Shaffer, most of the colon eosinophilic inflammation is associated with IgE-independent mechanism [1] . According to Inamura et al., mast cell accumulation and degranulation in colonic tissue of patients with eosinophilic colitis is related to the role of IgE in eosinophilic colitis [26] . Diagnosis of IBD should be based on history, physical and laboratory examination, esophagogastroduodenoscopy and ileocolonoscopy with histology, and evaluation of the small bowel condition especially important in suspected CD, UC with atypical presentations, and unclassified IBD [27] . Both the clinical picture of eosinophilic colitis and IBD highlight the presence of non-specific symptoms especially at the beginning of the disease, so it is important to search for minimally invasive diagnostic methods.
Bloody diarrhea is the most common symptom in UC. Crohn's disease is rather presented by abdominal pain, diarrhea, anemia, fever, weight loss, or growth retardation.
The diagnosis of UC is based on presence of the inflammation of colon mucosa (typically continuous mucosal inflammation of the colon, starting from the rectum, without small bowel involvement, and without granulomas on biopsy or atypical variants of pediatric UC), erythema, granularity, friability, purulent exudates and ulcers in colonoscopy, and exclusion of both CD and infections [28] [29] [30] . Ulcers and cobblestoning are typical in CD [31] . Unclassified IBD (IBDU) concerns patients with definite IBD, where the inflammation is limited to the colon with features that make the differentiation between UC and CD uncertain even after a complete diagnostic process [32] .
Saccharomyces cerevisiae antibodies ASCA and neutrophils cytoplasm antibodies p-ANCA have the greatest importance in serological IBD diagnosis [33] .
Authors of a report of a Moroccan family in which five members developed IBD concluded that serological markers of IBD (ASCA, ASCAg, ALCA, ANCA) and genetic variants in CARD15, TLR4, NOD1, CARD18, DLG5 had no effect on the occurrence of IBD in the test group [34] . Additionally report authors expected that other environmental factors (not sanitation) are responsible for development of IBD in that family. Our earlier researches proved specificity of ASCA antibodies for CD and p-ANCA for UC. Authors observed presence of p-ANCA and ASCA in almost half of patients with allergic colitis [35] . ASCA is found more often in CD (50-70%) than in UC (10-15%) and healthy controls (< 5%) [36, 37] ; these antibodies increase with age [38] and are associated with a more severe disease course in CD [39, 40] . ASCA positivity is not typically present in isolated eosinophilic colitis. pANCA is more common in UC (60-70%) than in CD (20-25%) [41] . The presence of pANCA+/ASCA-serology in patients with isolated eosinophilic colitis is not helpful for diagnosing specific phenotypes [27] .
In our research, 63% of children with CD had a higher level of ASCA antibodies, whereas almost 20% suffered from isolated eosinophilic colitis, so it may indicate future development of CD in this group of patients.
In 18% of children with CD and in one child with isolated eosinophilic gastrointestinal disease, higher levels of p-ANCA were detected. In all cases there were children with degree III or IV in the Whitington scale.
The active eosinophils (extracellular degranulation of ECP) in CD, the importance of which is not clear, infiltrate tissue in relation to ulcerations only [42] .
Eosinophils penetrate along the mucosal, infiltrate epithelium and pass into the lumen, where they release granularities containing proteins which are toxic to tissues [43] .
It is known that the protein concentration derived from eosinophils granularity (ECP) in the intestinal fluid in patients with IBD is increased in comparison to the healthy control group [13] . Eosinophils granularity degranulation proves activation of these cells in the intestinal mucosa in patients with IBD.
It is unclear so far if the increased permeability of the gut for macro-and micro-particles occurring in patients with CD is the only factor determining the higher number of eosinophils in the intestinal mucosa of these patients.
Undoubtedly, toxic compounds released from the eosinophils granularity intensify small intestine damage. The eosinophilic infiltrates presence in CD is not yet finally determined. It is believed that eosinophilic colitis can evolve into IBD [44] [45] [46] .
Pensabene et al., examining children with eosinophils in the large intestine, found that the maximum number of eosinophils per crypt was significantly higher in IBD than in other diseases of the gastrointestinal tract [7] .
In our research, a correlation between the intensity of colon eosinophilic infiltration and IBD existence was found.
Two out of 7 patients were diagnosed with UC and eosinophilic colitis alongside, in the rest of patients already suffering from UC, eosinophilic colitis occurred.
Similarly, in the group of 11 children with CD, IBD and eosinophilic colitis were recognized at the same time in 2 of them, while in the rest with CD diagnosed earlier, eosinophilic inflammation was found (in everybody in degree III) in another colonoscopy. However, eosinophils in IBD do not always seem to appear to degranulate granularities, which additionally suggests their regulatory function [10, 12, [47] [48] [49] . Moreover, eosinophils in the gastrointestinal tract were described as the main source of calprotectin, the cytosolic protein with antimicrobial and antiproliferative features [50] .
Still unresolved and complex function of eosinophils in IBD confirms the need for further clinical studies of this issue.
Conclusions
Higher concentrations of total IgE in half of patients with eosinophilic colitis indicates the need for diagnosis of allergy, both the IgE-mediated and non IgE-mediated allergy. Frequent coexistence of eosinophilic colitis and IBD suggests the need for immunological studies also in children with isolated eosinophilic colitis in order to estimate the risk of developing inflammatory bowel disease.
